conduct the prototype measurements, where the electrical length of an airframe radius it was represented on the metallic cylinder radius. Therefore, it was possible design a blade antenna operating at 4.97 GHz (4.38 -5.56 GHz). Since the aircraft comprises of large structure, the conventional method FEM (Finite Element Method), available on HFSS TM , becomes inefficient, due to amount of time, computer processing and memory spent in the simulation. Thus, the antenna analysis on cylinder was accomplished by a combination of MoM (Method of Moments) and FEM, known as hybrid method (FEM-MoM) [8 -10] .
In the next sections, it will be presented the antenna geometry, parametric studies and the prototype with its theoretical and experimental results.
II. ANTENNA GEOMETRY
The Fig. 1 shows the first blade antenna proposed. The lengths x a and x b , gap, probe position (p), slot width (a c ), radome presence and ground plan dimensions were changed in order to observe the effects on the input impedance, reflection coefficient magnitude, impedance bandwidth (-10dB return loss condition) and radiation pattern. All three slots have the same width (a c ). After the parametric assessments on the blade antenna proposed on Fig. 1 , it was reached in the model of Fig. 2 , where it's also presented the radiator element embedded in dielectric substrate and both on a square ground plan. This dielectric is constituted by two FR4 layers (ε r = 4.4; tan δ = 0.02), with thickness h = 3.2 mm. On one layer it was printed the radiator element, while the other servers as protection (radome). 
III. PARAMETRIC STUDIES
The HFSS TM was used to optimize the antenna dimensions starting from the geometry presented in Fig. 1 . Initially, the radiator length started in h a = 0.125λ 0 [7] , however this length was not producing the best impedance matching at 4.97 GHz. Then, the length was adjusted to 0.156 λ 0 to get the best antenna performance.
The parametric analysis was focused on the search for the best impedance matching considering the reflection coefficient magnitude.
Next, it is described the influence of the project variables, and the search for optimal antenna dimensions to construct a prototype compliant with the specifications.
A. Influence of x a and x b on antenna parametric analysis
In this section, the dimensions x a and x b exhibited on Fig. 1 A x a variation caused a more pronounced degradation in the reflection coefficient magnitude, as depicted in Fig. 3 , while x b variation resulted in a shifting in frequency, as can be seen in Fig. 4 .
Analyzing the operating frequency, the value x a shall be equal to 0.7h a . Considering the new value for x a the value for x b , which presented best impedance matching, shall be 0.25h a .
B. Gap influence
The Fig. 5 demonstrates how the reflection coefficient magnitude is changed with the gap variation.
It is possible to observe that a gap variation affects the impedance matching, as well as, a frequency shifting. The gap = 1 mm produced the best impedance matching. Similar to the gap variation, a probe position change also affects the impedance matching. The probe position which resulted in the best impedance matching was p = 2mm.
D. Slots width influence
The Fig.7 depicts the change on the reflection coefficient with slots width variation (a c ).
Considering the frequency of operation, the slot width which produced the best impedance matching was a c = 0.4 mm. 
E. Radome influence
In this case, the analysis was performed with and without radome. As presented on the Fig. 8 the inclusion of the radome decreases the bandwidth, while the radome absence produces more bandwidth with frequency shifting. 
F. Ground plan influence
The Fig. 9 shows the behavior of reflection coefficient magnitude with variation of ground plan area (A). It was observed that as bigger as the ground plan area becomes, the coefficient magnitude increases to below of -30 dB, at operating frequency. The ground plan contribution is insignificant on the reflection coefficient magnitude. It was verified considerable changes in the radiation pattern in function of ground plan variation as can be seen on the plot of yz plane at Fig. 10 . It was perceived a reduction of back lobe radiation patterns as the ground dimensions was increased.
IV. BLADE ANTENNA ON CYLINDER
The analysis of a blade antenna on metallic cylinder representing an airframe of aircraft is the scope on this section. It is important to emphasize that computational solution takes considerable time and consumes a lot of RAM memory when it is necessary to simulate antenna on large electrical structure, like an airframe. Therefore, to reduce simulation time keeping accurate results, the hybrid method (FEM-MoM) was applied.
To consider the cylinder effects on antenna radiation characteristics using HFSS TM hybrid method, it was necessary assembly antenna/cylinder as depicted on Fig. 11 , where antenna was covered with an air box type FE-BI boundary, while the metallic cylinder was defined as IE (Integral Equation)
Region. The difference raised through the Fig. 15 is associated with variation of electrical permittivity of the substrate (FR4) according [11, 12] , or the presence of air between the dielectric layers. Both suppositions can be verified through the parametric studies on HFSS TM .
A. Electrical permittivity variation
The Fig. 13 displays the variation of reflection coefficient with electrical permittivity of FR4. Based on the graphic interpretation it is evidenced a frequency shifting to higher values when FR4 with lower electrical permittivity are used.
B. Space between layers
The method used to join the two FR4 dielectric layers and to solder the probe on the radiator Looking the results on the Fig. 17 , it is possible to say that the air gap increase moves the center frequency to higher values that the value specified on the requirement. It is observed that the prototype presents an impedance bandwidth nearly 1.82 GHz (-10dB return loss condition), representing 33% in relation to the best impedance matching.
The last comparison is the antenna blade prototype in a ground plane cylindrical, shown in Fig. 19 . This is a hollow metallic cylinder with 250mm of radius. The antenna was fixed on the center of cylinder. The results presented a difference of 150 MHz between the points of best matching. However, in terms of impedance bandwidth, they are practically the same and the best point of matching is bellow -20dB, for both cases. Checking the results obtained against the requirements of TCAS, the impedance bandwidth complies with it is necessary to the service.
Using scaling process, it was achieved a bandwidth of 370MHz, which satisfies the bandwidth specification for TCAS. However, the lower frequencies of TCAS service are out of the bandwidth achieved on Fig. 20 . Therefore, the antenna optimization is necessary on the cylindrical ground plan to attend all requirements.
VI. CONCLUSION
In this work, it was demonstrated how the parameters to construct an antenna can influence on the reflection coefficient magnitude. It is also shown that a ground plan variation produced impacts on the radiation patterns of the yz plane.
Measurements on prototype revealed divergences in reflection coefficient magnitude when compared experimental and theoretical models. These divergences are due to variation of FR4 relative electrical permittivity and/or the space created between the layers in function of solder or glue accumulation. However, taking these factors to the simulation scenario is possible to see a theoretical model behaving as the prototype.
Thus, improving the construction techniques for the feeder and measuring the permittivity of FR4, is possible to build a prototype operating in the design frequency.
The impedance bandwidth achieved for the blade antenna on cylinder was nearly 31.2% while the impedance bandwidth of TCAS is 23.8%.
It was verified by simulations that hybrid method (FEM-MoM) is the best choice to analyze structures electrically large, besides that, the simulation time reduced in twice when compares with the conventional method (FEM) and it was spent 20% less of RAM memory. Considering the executed simulation with a cylinder representing an airframe, the hybrid technique showed to be
